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A method and appara- 
tus for depositing a low di- 
electric constant film, by reac- 
tion of an organosQicon com- 
pound and an oxidizing gas at 
a constant RF power level fiom 
about low to aboitt 200W or 
a pulsed RF power level- ton 
about 2GW to about 50aW. 
Dissociation of the oxidlzlqg 
gas can be increased prior to 
mixing with the oigailositicaa. . 
compound, preferably widiin a 
separate mioowave diamber, 
to assist in controlling the car- 
bon content of the deposited 
fibn. The oxidized <Hganosi- 
lane or oiganosiloxane fibn has 
good barrier properties for use 
as a liner or cap layer ad- 
jacent other dielectric layeis. 
The oxidized oiganosOane or 
oiganosiloxane fihn may also 
be used as ah etch stc^ and 
an intermetal dielectric layer 
fot fiabricathig dual damascene 

structures. The oxidized oiganositene or organosOoxane films also provide excellent adbesiori between different dielectrk: layeis. A prefesitd 
fJ^ X produced !^ reaction of methylsOane, CH3SiH3, dimeUiylsilane, (CH3)2SiH2, or 1.U3-tetrameihyl-disiloxane, 

(CH3)2-SiH-0-SiH-(CH3)2, and mtrous oxide, N2Q. at a constant RF power level from about lOW to about 150W, or a pulsed RF power 
level from about 20W 10 about 250W during 10 % to 30 9b of the duty cycle. . r 
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FLAS^IA PROCESSES FOR DEFOSrnNG 
IX)W DIELEkriRIC C(»^STANT FilAflS 

BACKGROUND OF im DISCLOSURE 

Field of the Invention 

The present invention relates to the fabrication of integrated dicuits. More 
particularly, the invention relates to a process and appkatus for depositing dielectric layers 
on a substrate. 

Background of thclnvgnrinn 

One of the primary steps in the fabrication of modem semiconductor devices is the 
formation of metal and dielectric films on a substrate by chemical reaction of gases. Such 
deposition processes are referred to as chemical vapor deposition or CVD. Conventional 
thermal Cyp processes supply reactive gases to the substrate surface whm heat-induced 
chemical reactions take place to produce a desired fihn. The hi^ temperatures at which 
some theraui: CVD processes opcarate can damage device structures, havii^ lay«s 
previously formetd on the substrate. A prefenred naethod of dq>6siting inetal and dielectric 
fihns at relative^ low temperatures is plasniarodianced CVD ^ECVD) techniques such 
as described in United States Patent Na 5,362,526, entitled "Tlasma-Enhanced CVD 
Process Using TEQS for Depositing Silicon Oxide", which is incoipMated by refereaice 
herein. Plasma-enhanced CVD techniques promote excitation and/or disassociation of flie 
reactaht gases by the application of radio fiequency (RF) eneisy to a reaction zone near the 
substrate surfece, thereby creating a plasma of highly reactive spedes.;; The high leactivity 
of the released species reduces the en&gy required fiar a chemi«d reaction to take place, 
and thus lowers the required temperature for. such FECVD processes. 

Saniconductor device geometries have dramatically decreased in size smce such 
devices were first introduced several decad^ ago. Since then, integrated "circuits haVe 
generally followed the two year/half-size rule (<rften Called Moore»s Law), which means 
that the number of devices that will fit on a chip doubles every two years. Today's 
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filmcation plants are ibutinely producing devices having 0.3Spm and even O.lSjim feature 
sizes, md tomonow's plants soon will be producing devices' baving. even smaller 
• geometries.. 

In .ofdier to fbrtber reduce tiie size of devices on integrated dicuits, it bas become 
5 necessary to use conductive materisds having low resistivity and insulators having low k 
(dielectric constant < 4.0) to reduce the capacitive coupling between adjacent metal lines. 
Liner/barrier layers have been used betweoi the conductive matoials and the insulators to 
prevent diffudon of byproducts such.ais moisture onto the conductive material as described 
in Intemational Publication Number WO 94/01885. For example, moisture that can be 

10 generated during formation of a low k insulator readily difiiises to the surfiuie of the 
conductive metal and increase the resistivity of the conductive metal surface. A 
barrier/linar layer formed fiom conventional silicon oxide or silicon nitride materials can 
block the difiusion of the byproducts. However, the barrier/liner layers typically have 
dielectric constants that are significantly greater than 4.0, and the high dielectric constants 

1 5 result in a combined insulator that does not significantly reduce the dielectric constant. 

Figure lA illustrates a PECVD process for depositing a bairier/lina- layer as 
desoibed in Intemational Publicatioh Number WO 94/01885. The PECVIj process 
deposits a multi-componaat dielectric ji^o* wherein a silicon dioxide (SiO,) liner layer 2 is 
first dqiosited on a patterned metal li^ having metal lines 3 finrned oh a substrate 4. The 

20 liner layer 2 is deposited by a plasma enhanced'reaction of silane (SiH4) and nitrous oxide 
(N,0) at SWC. A self-planarizing low k dielectric layer 5 is then deposited on die liner 
layer 2 by reaction of a silane compoimd and a peroxide compound. The self-planarizing 
l^er 5 retains moisture that is ronoved by curing. The liner layer 2 is an oxidized silane 
fihn that has effective bania propoties when deposited in a numno- which provides a 

25 dielectric constant of at least 4.5. The dielectric constant of ^e oxidized silane fihn can be 
deoeased to about 411 by altering process conditions in a manner fliat decreases moistuie 
banier properttes of tiie fihn. Coiiventional lino I^virs, such as SiN, have even hi^er 
dielectric constants, and the combination of low k dielectric layers with high k dielectric 
liner layers can provide Uttle or no improvement in the overall stack dielectric constant 

30 and cfq>acitive coiq)ling. 
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As shown in Figure IB, WO 94/01885 further describes an optiona] SiO, cap layer 
6 that, is deposited on the low k dielectric layer 5 by the reaction of silane and NjO. the 
cap li^ 6 is also an oxidized alane fikn ibsit has good bairier properties when deposited 
^ in a manner that provides a dielectric constant of about 4.5. Both the liner layer 2 and the 
5 cap layer 6 have a dielectric constant greater than 4;5 and Ae high dielectric constant 
layqrs substantially detract from the benefit ofdie low kdielectiic layer 5. 

As devices get analler, liner layers and cap laycfrs having high dielectric consents 
contribute more to the oyeiall dielectric constant of a multi^mponent dielectric layer. 
Fuidiermore, known low k dielectric materials generally have low oxide contoit which 

ia< makes the material inadequate as an etch stop li^ during etching of vias and/br 
intraconnectis. Silicoii nitride has been the etch stop material of choice for making 
interconnect lines in low k dielectric materials. However, the silicon nitride has a relatively 
high dielectric constant (dielectric constant of about 7) compared to the surrounding low k 
dielectric layers. It has also been discovered that the silibbn nitride may significaiitly 

1 5 increase the capaciti ve coupling between intoconnect lines, even wheii an otherwise low k 
dielectric matmal is used as the primary insiilator: this m^ lead to crosstalk md/ot 
resistance-capacitance (RQ delay that degrades the overall performance of the device. 
Thusi the silicon nitride etch stop l^rers are typically removed after «tching of the 
unddriying dielectric liQfers. 

20 Ideally, a low k dielectric layer having both good biarrier properties for use as a 

liner layer md sufficient oxide content for use as an etch stop could be identified and 
diq>osited in the same chambos as existing low k dielei^c materials. Siich bairier layers 
would not increase tiie overall dielectrib constant of die idielectric lay^ and such an ctdh 
stop la]^ woidd not have to b^ienioyed after etduQg die m 

25 Uuted States Patent Nq. 5,5i54,570 describes banier layers for use with thenhal 

CVD silicon oxides M^erein an ciiganosilane havii^ a C-H groiq> is oxidiized instead of 
silanp to increase the density of dqx>sited fihns and to inqprove adhesion between the 
layers. For example, a thermal CVD layer produced fiom tetraethoxysilane (TEOS) and 
ozone, may be deposited between PECVD silicon oxide films produced fiom an 

30 organosilicon and N^O or Qt. . 
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The bairier layers desoibed in ftxo '570 patmt are prefoably doise silicpn oxide 
layers having low carbon contents. The drase layers are deposited using 400 W of high 
ftequency RF power al^ough &e use of low frequency RF power is asserted to isnptovp 
fifan stress. The barrior layers are preferably produced from alkoTcysilaiies or dilorinated 
5 alkylsilanes and N^O to reduce carbon content and increase the density of the layers. 

The '570 patmt does not identify process concUtioiis for making b^er layers 
having low dielectric constants or for making etch stop layers having high oxide contents. 
The '570 patent also does not suggest use of the described layers as a barrier layer adjacent 
a low k dielectric layer or as an etch stop. 
10 There ronains a need for dielectric layers having low dielectric coristants^ good 

barrier properties, arid high oxide content for use as bsurier layos or etch stop layers in 
siib^micron devices. . 

SUMMARY OF THE INVENTION 
15 The present invention provides a method and apparatus for depositing^ silicoii 

oxide layer having a low dielectric consftant. The silicon oxide layer is produced by plaisrna 
asisisted chemical vq>or deposition of an organosilane, an 6rganosiloxane» or combiiiati<ms 
thereof^ using RF or microwave power to gmerate reactive oxygen atoms. The projpCTtieis 
of the silicon oxide layers are readily controlled by process variations, and different layers 
20 can be dq)osited in one dqiosition chamber as shown for an improved dual damascene 
. process. In addition, the silicon oxide layers can be used as an adhesive layer between 
different layers, or as an intennetal dielectric layer. A preferred silicon oxide layer is 
inoduced by reaction of nitrous oxide, NjO, and a sUicon conqK)und containing Si-H 
bonds, isuch as methylsilane^ CHjSiH), dimettiylsilane, (CSi^SiH^^ or l,l,33-tetramedlyI- 
25 diriloxane, (OT5),-«iH-^S^ 

The siUcon oxide layers supe cured at low pressure 
properties. The silicon oxide layers are most preferably produced using separate 
applications of RF power to the dq>osition chamber to increase poipsity of the deposited 
layers. The use of low levels of RF power is prefmed at chamber pressures less than about 
30. 10 Torr. Microwave power is preferably provided to oxidizing gases in a dissociation 
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dumber to' cbntol fonnation of reactiv oMdlza^ fathom inc^^ the poWer Iev>el in 
die dqxisiticm chamba. 

to a prefeiTed embodimoit* a aQicon oxide lays' is d^sited on a p^^ed metal 
layCT by plasma assisted reaction of one or more oisanosilane and/or oi^bsiloxane 
compounds that include Si-H bonds. ~ 

The silicon oxide of the present invention has further utility in an integrated 
process for manufacture of reliable dual damascene structures in one deposition chambo- 
to reduced capadtive coupling between interconnect lines. In a prefened embodiment, a 
low k dielectric film having high carbon conteiit, greater than about 20% by atomic 
wd^t, is deposited as a via level dielectric layer. A low k dielectric film haying a low 
carbon content, less dian about 10% by atomic wd^t, is then deposited on the high 
carbon layer to form a trench level dielectric layer. A dual damascdle etch then forms the 
trenches in the trench level dielectric layer and stops at thie via level dielecfaic layo-. Afta 
etching the vias in the via level dielectric layer, the upper surface is then planiirized to 
leave a planar surface on the trench level dielectric layer. 

The inventidii finder provide ah inf^ 
die dlicon oxide whidi is deposited on a oohventional etdi stop siich as silicon oxide or 
silicon nitridfe. The dlicon oxide can idso be dilated as a Ann adhesive layer. 

BRIEF DESCIOPTION OF THE DRA\VD^GS 

So that the manner in whidi the abovie recited features, advahtajges imd objects of 
the present invention are attained and can be undostood in deUdI, a more i^n^ticular 
descr^tion of the invieotion, briefly summarized above, miy be had by reference U> the 
embodimoits thereof whidi are ilhistrated in^ 

It is to be noted, howevor, fbat tihe an>ended drawings iUostnUe only typical 
embodiments of this invention and are tiiotfore not to be considered limiting of its scope, 
for the invoition may admit to other equally effective embodiments. 

Fig. 1 A-IB (Prior Art) are schematic diagrams of dielectric layers depddtbd on a 
substrate by the pirocesses known in tfie art; ' 

Fig. 2 is a cross-sectional dii^ran of an exemplary CVD plasma reactor configured 
for use according to the present invention; 
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Fig. 3 is a diagram of the system monitcyr of theCVD pliasma reaptor of Fig. 2; 

Fig. 4 is a flow chart of a process control computer program pibduct used ui 
conjunction with &eae^ . 

Fig. 5 is a flow chart illustrating steps undertaken in depositing liner and cap layers 
in a gap filling process according to one embodiment of the present invention; 

Fig. 6A-6E is a schematic diagram of the layers deposited on a substrate by the 
process of Figure 5; 

Figure 7 is a cross sectional view showing a dual damascene structure comprising 
the silicon oxide layers of the present inventicm; 

Figm« 8A-8H are cross sectional views showing one embodiment of a dual 
damascene dq;)osition sequence of the present invention; 

Figure 9 is a cross sectional view showing an adhesive layer comprising the silicon 
oxide layer of the present invention between a premetal dielectric layer and an intermetal 
dielectric layer; 

Figures lOA-lOH are crosis sectional views showing a dual damascene deposition 
sequence wherein the silicon oxide of the present invention is used to adhere ah intermetal 
dielectric film to a conventional etch stop; and . 

Figures 1 1 Arl ID are ctoss sectional views showing ah iiitejgFated dual damascene 
deposition sequence wherein the silicon oxide of the present invention is used to eliminate 
a conventional etch stop. 

For a further imderstanding of the present invention^ reference should be made to 
the ensuing detailed desmption. 

DESCmPTipN OF A PREIHES^ 

The present invention provides a method and s^aratus for. depositing a silicon 
oxide layer having a low dielectric constrnt, a high oxide coh^t» and sufficient carbon 
content to provide barrio properties. The silicon oxide layer coinprises an oxidized 
organosilane or organosiloxane and can be used as a lining layer adjacent other dielectric 
materials, as an etch stop layer adjacent dielectric materials having Iowa oxide content, as 
an intmnetal dielectric layer, and as an adhesion layier between diffisrent inatmals. The 
oxidized organosilane material is deposited by plasma assisted oxidation of the 
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wgaiKMdlane or c^^ about lOW tei abbut 266 W 

constant^ ppwer. or fiom about 20W to about 50pW of pttlsed RF power. The silicon 
oxide layeri can also be deposited using frequent breaks, such as changing chambers or 
providing cooling time, to imjirove porosity. The RF power is preferably provided at a 
5 high frequency such as between ! 3 MHz and 14 MHz. The RF power is pi^erably 
provided in short duration cycles wherein the power is on at the stal^ levels for cycles 
less than about 200 Hz and the on cycles total fiom about 10% to abolit 30% of the total 
duty cycle. Intdmittent RF power ean operate at higher pe^ power levels and provide the 
same total power inis>m as constimt RF power at a lower power leveL 

10 Caibon which remains in the siUcon oxide layer contributes to low dielectric 

constants and bairier properties. The remaining caibon is between about 1% and about 
50% by atomic weight, and preferably includes sufficient C-H or C-F bonds to pipvide 
hydrophobic properties to the silicon oxide layer raiting in significantly lower dielectric 
constants and improved moisture barrier properties. 

15 The silicon oxide layers are produced from silicon compounds that include carbon 

in organo groins that are liot readily removed by oxidation at pr«Jc6ssiiig cbnditioiis. 
Preferably the -C-H bonds arc inchided such as in alkyl or aryl groiq)Si or fluorinated 
caibon derivatiyes thereof Suitable organo groups also can include alkenyl and 
cyclohexenyl groups and frmctional daivatives. The oigano silicon compounds include: 

20 

methylsilane, GHj-SiH, / 

diniethylsilane, (CH,),-SiHa 
trimethylsilane, (CHj),-SiH 
dimethylsilanediol. (CO^-Si-pH^ 

25 ethylsilanci C3I,^.SiH, 
phoiylsUan^ C^Hj-SiH, 
tfpihenylsiUtoe, (GiH5),-SiH, 
diphenylsilanediol, (CJE^-SiKOH), 
methylphenykilane. CA-SiH,rCHj 

30 disilanomethane, SiH,^,^SiH^ 

bis(methylsilano)methane. CH,-SiH,-CH,-SiHj^3 
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l^-disilanoetfaane» , 

l»2-bis(mebiylsilano)ethane» 

2»2-djsi.lanopibpaiie^ 

1 395*trisUano-2 A6-triinethyleiie, 

1 3-diinethyldisiloxane, 

1, U393-tetramethyIdisiloxane, 
hexamethyldisiloxane, 

1 3*bis(silan6iinethylene)disiloxane» 
b^l -iiiethyldisiloxanyl)methane, 

2, ;l^bis(l-methyldisiloxanyl)prqpane, 
2,4»6,8-tetramethylcyclotetrasiloxane» 
octametbylcyclotetrasiloxaiie, 

2^4,6,8, 1 0-pCTtamethylcycIopentasiloxane, 
1,3,5 J-tetrasilano-2,6-dioxy-4,8-dimethylene, 
2,4,6-trisilanetetrahydropyran, and : 
2,SHdisilanetetrahydn>fiiran. . 



SiHj^j-GHj^iH, : 

CHj-SiHj-CHj^HjrSirij^H, 

SiH,-C(GHa)2-SiH, 

-(•SiH,CHj.)3. (cycUc) 

CHj-SiHj-OSiHj-CH, 

(CH3VSiH-OSiH-(CH3), 

(CH3),.Si-O.SKCH3), 

(SiHa-CHj^SiHrVO 

(CM3-SiHa-C).SiHj.),-C(CH3)2 
-(-SiHCHa-O^)^. (cyclic) 
-(•Si(CH3),-0-),. (cycUc) 
-(-SiHCH3-0-)5r (cycHc) 
•(-SiHj-GHj-SiHj-OOr (cyclic) 
-SiHj-CMj-SiHj-CHrSiHj-O-lcyclic) 
-SiH^-CHa-GHj-SiHirO- (cycUc) 



The bigano siUcon compounds are oxidized during deposition by reaction with 
oxygen (O,) or oxygen containing compounds such as nitrous oxide (NsO), ozone (O^^ 
caifoon dioxide (COj), and water (HjO), preferably NjO, such that the carbon content of the 
deppsited film is firom 1 to 50 % by atomic weight, preferably about 5 to 30%. The 
oxidized organo silicon layer has a dielectric constant of about 3.0 and hiis ^cellimt 
baitier properties. The oxidized organo silicon layers furtha have high oxide contents in 
comparison to coiwentional low k djiel 

Oxygen and oxygm contsmiing compounds are preferably dissociated to inorease 
reactivity whm necessary to achieve a desired caibon content in the dqx)sited filnL RF 
power can be coupled to ibc deposition chamber to increase dissociation of the oxidising 
compounds. The oxidizing compounds may also be dissociated in a microwave chamber 
prior to entering the deposition chamber to reduce excessive dissociation of the silicori 
containihg compounds. Dqposition of the silicon oxide layer, can be continuous, m 
discontinuous. Although deposition preferably occurs in a single deposition chamber, the 
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20 



layer can t)e de^o^ted sequentially in two or more dqwdtion chambers. F^emine, RF 
power can be cycled or pulsed to reduce heating of the substrate and promote greater 
porosity in the deposited fihn. During deposition of the siUcon oxide layer, the substra^ is 
maintamed at a temperature of from about -20«»C to about WC, and prefenibiy is 
maintained at a temperature of q}proximately ^O**C to 40?C. 

The orgmosilaiie and oiganosiloxane compounds prefraably include the structures: 

- . .1 I. ■•' . • •■ ' ■ 

-C-Si-H 

wherein each Si is bonded to one or two carbon atoms, and C is mcluded in an Qigano 
groiq). preferably alkyl or alkenyl groups such as -CHj, -CHj-CH,, -CHj-. or -CI^<Ma-, 
or fluorinated carbon derivatives thereof The carbon atoms in ihe fluorinated derivatives 
may be partially or folly fluorinated to replace hydrogen atoms. When an organosilane or 
orgaiibsjloxane compound includes two or more Si atoms, each Si is separated from^ 
Si by -O-, -C-, or -C-G-, wherein C is included in an organp group, preferably 
alkyl 6r alkenyl groups such as -CHj-CHj-, -CH(CH,>or -C(CH,),-, or fluorinated 

doivatives thereof 

The preferred organosilane and piganosiloxane compouiuis are gases or liquids 
nevrbom temperature and can be volatilized above about 10 Tbrr. Preferred oiganosila^ 
and Of^mbsiloxanes include:. 



mediylsilane, 
25 dhnetfaylalane» 

tiiinc^yisilane, 
. disilahornethahe, 

bis(iiiiethylsilano)mediane, 

1 ,2«<^silanoethane, 
30 l^-bi^(metiiyl8ilano)ediane, 

2^-d£5ilanoprbpaie, 

13,5-trisilano-2,4,6-trimethylene, 



CH,.SiH, 

(CH,),-SiH, 

(C3J,),-SiH 

SiH,-CHa^iH, 

CH,-SiHa-CH»-SiH,^, 

SiH^-CH2^^>^iH, 

CTa-SiHj^-aij-SiHi-CHj 

SiH,rG(CH02-SiH, 

-(-SiHjOIjr),- (c>«clic) 
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.1 ^-diinethylidisiloxaiie, 
1 ,13>3-tetramethyldisiIoxaiie^. . 
13-bis(silanomethyleiie)disiioxaiie, 
bis(l-methyldisiloxanyl)mediane^ 
2»2-bis(l-methyldisiIoxanyl)propane, 
2,4,6,8 J 0-pentamethyIcyclopentasiloxane, and 
1 ,3,S,7-tetrasilano-2,6-dioxy-4,8-dimetfaylene, 
2A6-trisilanetetnihydiopyran» 
2,S-disilanetetrahydiofiiTaii, 

and fiuorinated caibon derivatives thereof, such as: 



CH,-SiH2-0-SiH2-CH, 
(CH,),-SiH-0-iSiH-(CH,), 
(SiH,-CHi-SiHi-),-0 
(CHj-SiH,-0-SiH,-),-GH, 
(GH,-SiHj-0-SiHj- VC(CH,) , 
-(-SiHCHj^),- (cyclic) 
-(-SiHa-CHj-SiKj-O-V (cyclic) 
-SiHi-CH,-SiHj-CEi,-SiH,-0- (cyclic) 
-SiHj-CHj-CHj-SiHj-O- (cyclic) 



15 



20 



25 



30 



CFj^SiH, 

SiHj-CFj-CFz-SiHj 
CFj-SiHj-CFj-CFj-SiHj-CFj 
SiH,-C(CT3)j-SiH3 
(SiH,-CF,-jSiH,-),-0 



trifluoTomethylsilane, 
1 ,2-disilanotetrafluoroethylene 
l,2-bis(trif1uoromethylsi]anb)tetrafluoroethane, 

2.2- disiIanohexaflupropropane, 

1 .3- bis(silanodifluorometfaylene)di^loxane, 
bis(l-trifluonnettiyldisiloxanyl)difluoramediane, (CFj-SiHi-p-SiI^-),-CFa 
2,4,6-trisilanetetrafhioiopyTai^and -SiHj-CF,-SiH,-G3fj-SiHa-0- (cyclic) 
23Hlisnmete^tJ»rofu^^ -SiH,-CFj-CFj-SiHa-0- (cycUc) 

The hydipcaii>on groiq>s in the oi^anosilanes and prganosiloxane miry be paili 
or fully fiuorinated to. eonveit OH bonds to C-F bonds. Many of the preftired 
oigahosilane and oisanosiloxane compounds are commociaUy available. A combinatiim 
of two Or more of the otganosilanes or oigandsiloxanes can be employed to provide a 
blend of desired properties sudi as dielectric constant^ oxide, contoit, hydrophobicity, film 
stress, and plasma etching diaracteristics. 

The oi^anosilane and organosiloxane compounds are preferably oxidized during 
dqiosition by plasma assisted reaction wiUj oxygen which is fomied during the ^Msition 
process by decomposition of nitrous oxide Q^,^). Nitrons oxide does not react with the 
organosilanes or oiganosiloxanes without plasma assistance, and the oxygen-nitrogen 
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bonds are readily bipken at I6wct eheii^w cnganosirane^ mid 

orgaiiosaoxanes. The cnddized conqwuiids adbere to contacted surfaces such as a pat^ned 
layer of a semiconductm- siAsbate to iTonn a dqx>sited fito. The deposited films are cured 
: at low pressure and at^ temperatures from about 100 to about 450*C, preferably above 
about 400«»C to stabilize the barrier properties of the films. The deposited fihn has 
sufficient carbon contoit to provide barrier properties. The cabon content pieferabiy 
includes or G-F bonds to provide a hydrophobic film that is an excellent mbistiue 
barrier. 

The present inv^tion fin1h«r provides a substrate pwwessihg system having a 
vessel includinjg a reaction zone, a subs^te holder for positioning a substrate in the 
reaction zone, and a vacuum system. The processing system further comprises agas/liquid 
distribution system connecting the reaction zone of the Vessel to supplijes of an 
organosilane or organosiloxane compound, an oxidizing gas; and an inert gas; arid an RF 
generator coupled to the gas distribution system for generating a plasma in the reaction 
zone. The processing system finther comprises a controller cbmprising a cbinputer for 
controlUng the Vessel, the gi^ distribution system, and this RF generator, and a m^oty 
coupled to the controller, the memory comprising a conq>utgr usable medium comprising a 
computer readable program code for selecting the pnocess steps of depositing a low 
dielectric constant fihn with a plaisma of an oiganosUane or b^anosiloxane compound and 
ain oxidizing gas.' 

The processing system may finthisr comprise in one embodim^ iiomputer 
readable program code for selecting the process stqis of depositmg a liner of the o3udi^ 
organo silicon compound, depositing a diffepeni dielectric byer, and optionaily depositing 
a cq)ping layer of the oxidized oigano silicon conqibund: 

Further descriptira of the invention relates to a q)ecifie 
siHcon oxide layers of the present invention and to prefixed silicon oxide fihns. 

Exemplary CVD Plasma Reactor 

One suitable CVD plasma reactor in which a methckl of the present invention can 
be carried out is shown in Fig: 2, which is a vertical, crbsi^section view of a parallel plate 
chemical vapor deposition reactor 10 having a high vacuum region 15. Reactor 10 
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contains a gas distribution manifold 11 for dispersing process gaises through perforated . 

holes in &e manifold to a substrate or wafo* (not sho^) that rests on a substrate support 

plate or suscq>tor 12 which is raised or lowofed by a lift motor 14. A liquid injection 

system (not shown), sudi as typically used for liquid injection of TEOS, may also be 
5 provided for injecting a liqmd organosilane and/or organosiloxane compound. The 

preferred methylsilanes are gases. 

The reactor 10 includes heating of the process gases and substrate, such as by 

resistive heatmg coils (not shown) or external lamps (liot shown). Refemng to Fig. 2, 

susceptor 12 is mounted oii a siqiport stem 13 so that'susceptor 12 (and the wafo* 
10 siQ>ported on the upper ^urface of susceptor 12) can be cbntrollably moved betwem a 

lower loading/off-loaiding , position and an upper processing position which is closely 

adjacent to manifold 11. 

When susceptor 12 and the wafer aii^^ position 14, they are 

surrounded by a an insulator 17 and process gases exhaust into a manifold 24. During 
15 processing, gases inlet to manifold 11 are uniformly distributed radially across the^surface 

of the. wafer. A vacuum pump 32 having a throttle yalve controls the exhaust rate of gases 

fiom the chsunber.. 

Before: reaching hiamfold 11, de)^ 

lihes 18 into a mixing ^rstem 19 where they are combined and then sent to mibifold 11. 
20 An optional miorowave q>plicator 28 can be located on the iiiput gas line for the oxidizing 

gas to provide additional energy that dissociates only the oxidizing gas. The microwave 

applicator provides from 0 to 6000 W. Generally, the process gases supply line 1 8 for each 

of the pn>cess gases also includes (i) safety i^iut-offvalves^ 

automatically or manually shut off the flow, of process gas into the. diamber,.aiid (ii) mass 
25 flow controllers (also not shown) that measure the flow of gas through the gas supply 

lines. When toxio gases are used in the process^ several safety sfautrbff . valves are 

podtioned on each gas supply line in conyehtipn^^ 

The dq>ositipn process performed in reactor 1 0 can be either a thermal process or a 

plasma ^ihanced process. In a plasma procesfs, a controlled plasma is typic^y . formed 
30 adjacent to the waifeir by RF energy applied to distribution manifold II fiom RF power 

siqp^ply 25 (with susceptor 12 grounded). Alternatively, RF power can be provided to the 
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susceptor 12 or RF power can ^ piovided to differait comp^ difierent 
fi«|uendes. RF power supply 2^^^ 

to enhance the decomposition of reactive species introduced into the high vacuum region 
\5. A mixed frequency RF power supply typically suppHes power at a high RF fiequency 
5 (RFl) of 13.56 MHz to the distribution manifold 1 1 and at a low RF fr^iien^ (RF2) of 
360 KHz to the susceptor 12. The siMcpn 6xide layers of the present invention are most 
prefeaably produced using low levels of constant high frequency RF pdwer or pulsed 
levels of high frequency RF power. Pulsed RF power preferably provides 13.5(S MHz RF 
power at about 20W to about 506w, most preferably from 20W to about 250W, during 

10 about 10% to about 30% of the dirty cycle. Constant RF power preferably provides 13.56 
MHz RF power at about lOW to about 20QWi preferably from about 20W to about lOOW 
Low power d^osition preferably occurs srt a temperature range from about -20°C to about 
40°C. At the preferred temperatore range, the deposited film is partially polymerized 
during deposition and polymerizatioh is completed during subsequent curing of the fihn. 

15 When additional dissociation of the oxidizing gas is desired, an optional 

microwave chamber can be used to iiqjut from 0 to 3000W of microwave power to tiie 
oxidizing gas prior, to entering the deposition chamber. Sq>arate addition of inicrowave 
powo- would ayoid exciessive dissociation of tiie silicon coinpounds prior to reaction witii 
tiie oxidizing gas. A rgas distiibutimi plifite having separate passages for tiie silicon 

20 compound and tiie oxidiang^gas is preferred when microwave poWer is added to tiie 
ctxidiznig-gas. 

Typicaify, any or all of tiie chamber Iming, distiibiition manifold l l. susceptor 12, 
i' and yariousbtiier reactor hardware is made 6ut of materiat such an al imiin» m.m- fiWiafd 
. ahmunimi; An example of such a CVD reactor is described in U.S. Patent 5,000.113, 
25 entitied AThc^nal CVD/BECVD Reactor and Use for Thermal Chemical Vapor 
Deposition of Silicon Dioxide and Ih-^ Multi-step Planarized Process, issued to Wang 
ct al. And assigned to Applied Materials, Inc., tfie assignee of tiie present invention. 

The lift motor 14 raises arid lowers suscq;)tor 12 between a processing position and 
a lower, wj^er-loading position. The motor, tiie^ mixing system 19, arid tiie RF power 
30 supply 25 are controlled by a system controiler 34 over control lines 36. The reactor 
includes analog assemblies, such as ma^ flow coiitrollers (MFCs) and standard or pulsed 
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RF generators, that iare controlled by the system contibller 34 which executes system 
control softw^ stored in a memory 38» which in die prtfehcd Wfiodimen^ a hard disk 
drive. Mbtors and qptical sensors are used to move and detetimne the position of movable 
medianical assemblies such as the tfirotUe valve of the vacuum pump 32 and motor for 
positioning the suscq>tor 12. 

The system controller 34 controls all of the activities of the CVD reactor and a 
prefeared embodiment of the controller 34 includes a hard disk drive, a floppy disk drive, 
and a card rack. The card rack contains a single board computer (SBQ, analog and digital 
uq>ut/output boards, interface boards and stepper motor controUa boards. The system 
controller confomis to the Versat Modular Europeans (VME) standard which defines 
board, card cage, and connector dimensions and types. The VME standard also defines the 
bus structure having a 1 6*bit data but and 24*bit address bus. 

The system controller 34 operates under the control of a computer program stored 
on the hard disk drive 38. The computer program dictates the timing, mixture of gases, RF 
power levels, susceptor position, and other parameters of a particular process. The 
interface between a user and the system controller is yia a CRT monitor 40 and light pen 
44 which are depicted in Figure 3. . In tihe preferred embodiment a second monitor 42 is 
used^ tiie fii^ monitor 40 being mounted in the clean room wall for the operators and the 
other monitor 42 behind the wall for the service technicians* Bofli monitors 40, 42 
sim^ltaRepusly display the same mfonhation but only one light pen 44 is enabled The 
light pen 44 detects light emitted by CRT display with a light sensor in the tip of the pen. 
To select a particular screen or function, the operator touches a designated area of the 
display screen and pushes the button on die pen 44. The touched area changed its 
highli^ted color, or a new menu or screen is displayed, confirming communication 
between the ligiht pen and die diqpl^y screen. 

Referring to Fig. 4, the process can be implanented using a coiiq>uter program 
product 410 that runs on, for exarnple, the system controller 34. The computer program 
code can be written in any conventional computer readable prograimning language such as 
for example 68000 assembly language, C, C++, or Pascal. Suitable program code is 
entered into a single file, or multiple files, usmg a conventional text editor, and stored or 
embodied in a computer usable medium, such as a memory system of the computer. If the 



o . o 

W099/41423 PCTAJS99/02M3 

• * / ■ ' • - • •■•.■15. .... : V • . - • - 

mtoiied code text is in a hi^ level language, the code is compiled, and the result^t 
compile code is then linked with an object code of precompiled wmdows hl>Tary routines. 
To execute thid lii^ed compiled object code, the system user invokes the object cod^ 
causing tfae.computer system to load the code in meniory, 66m which the CPU feads and 
5 exe$:utes the code to perfonn ttie tasks identifi 

Fig. 4 shows ah illustr^tiye block diag^ram of the hierarchical, control structure of 
the computer program 410. A lisier enters a process set number arid process chamber 
number into a process selector subroutine 420 in response to mi»us or screens displayed 
on the CRT monitor 40 by using the light pen 44 interface. The process sets are 
10 predetermined sets of proems parameters necessary to ciany out specified prboesses, and 
are identified by predefined set numbers. The process selector subroutine 420 the (i) 
selects a desired process chaniber on a cluster: tool such as an CenturaiS) platfoim 
(available fix>m Applied Materials, Inc.), and (ii) selects a desired set of process parameter^ 
needed to operate the process chamber for performing the desired process. The process 
is par^eters for perifonnihg a specific process relate to jprpcess conditions such as,, for 
example, process gas cpmpositioii and flow rates^ temperatine, preissure, plasma conditions . 
siuch as RF bias power levels and ihagnetic field power levels, cooling gais pressuie, and 
chamber wall temperature and are provided to the user in the form of a recipe. The 
parameters specified by the recipe are entered utilizing the light pen/CRT . monitor 
20 intor&ce. 

The signals for monitoring the process are provided by iOie analog mput and digital 
i]ij)ut boards of system controller and the sigi^^ 
the analog ou^ut and digital ou^ut boards of die system controller 34. 

A process sequencer subroutine 430 comprises prc^ram code for accepting the 

25 ideptified process chamber and set of process paratneters fiom the process selector 
subroutine 420, and for controlling operation of the various process chambers. . Multiple 
users can enter process set numbers and process chainber nuinbas, or a. user can <enter 
multiple process chamber numbers, so the sequimcor subroutine 430 cq)erates to sdiedide 
the selected processes in the desired sequence. Prefinably the sequencer subroutine. 430 

30; includes computer readable program code to perform the steps of (i) monitoring the 
operation of the process chambers to determine if the chambers are being .used', (ii) 
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dcstennining whi^ processes are bdng carried out in tiie diainbers bong used^ and (iii) 
executing the desiiied process based <m availabili^ of a pirocess diamber and type of 
Ittociess to be canned out Conventional methods of mbnitornig die process diambers can 
be used, such as pollings Whim schediiling -^di process is to be executed, die sequence 
5 subroutine 430 can be designed to take into consideration the present condition of die 
process chainber being used in comparison with the desired process conditions f<» a 
selected process, or the "age" of eadi particular user entered request, or any odiCT relevant . 
facUv a system programmer deares to 

Once the sequencer subroutine 430 detennines. which process chamber and pioc^ 

10 set combinatioh is going to be executed next, the sequencer subroutine 430 causes 
execution of the process set by passing the particular process set parameters to a chamber 
manager subroutine 440 which controls multiple processing tasks in a process chamber 10 
according to the process set determined by die sequoicar subroutine 430. For example, 
the chamber manager subroutine 440 comprises program code for controlling . CVD 

15 process operations in the process chamber 10. The chamb^ msinager subroutine 440 also 
. controls execution of various chamber component sulnputmes which.control operation of . 
die .^laniber component necessaiy to cinriy out die selected process set Exanq>le8. of 
chamber componait subroutines are susceptor control subroutine 450, process gas control 
subroutine 460, pressure contn>I subroutme 470, heater cohtrol^ra^ 

20 control subroutine 490. Those having ordinary skill in the airt would resuUly recognize t^ 
odia- chamber coiitrol subroutines can be inchided dqioiding on what processes are 
desired to be performed in the reactor 10. 

In operation, the duunbcar mani^er subroutine 440 selecdv^ schedules or 
die process conqionent subroutines in aocordaiffie with die particular process set bdng 

25 . executed. Tlie chamber maiugn' sidmmtine 440 schedules the process oomponeiit 
subroutines similar^ to how die sequencer subroutine 430 schedules ^ch process 
chamber 10 and process set is to be executed next Typically, die chamber manager 
subroutine 440 inchides stq>s of monitoring the various chamber components, d^ennining 
^ndudi components needs to be operated based on the. process param^efs for the process 

30 . ^ to be executed, and causing execution of a chamber ooinponent subroutnie nspoimvc 
to.the monitoring and detomining stqis. 
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Operation of particular cto 
with reference td Fig. 4. The su«xptor control positioning Subroutini? 450 coh^mss 
inpgram code for contiblling chamber componaits that aire iised to load the substrate onto 
tiiesusceptor 12. and optionally to lift the substrate to a d«sired height in the reactor lafo 
5 control the spacing between the substrate arid the gas distribution manifold 11. When a 
substrate is loaded mtp tiie reactor 10. the susceptor 12 is lowered to receive tfie substrate* 
and thereaftw, the suscq>tor 12 is raised to tiie desired height in tiie chamber, to maintiiin 
the substiate at a first distance or spacing fidm tiie gas disbibutioii manifold 1 1 during tiie 
CVD process. In operation, tiie susceptor Cdntaol subroutine 450 controls movement of 
10 the suscqitor 12 in response to process set parametere tfiat are tiansfored ftoin tiie 
chambCT manager subroutine 440. 

The process gas control subroutine 460 has program code for controlling process 
gas composition and flow rates. The process gas conti^bl subroutine 460 controls the 
open/close position of the safety shut-off valves, and also ramps up/doAvn tiie mass flow 

15 controllers to obtain the desired gas flow rate. The process gas control subroutihe 460 is 
Mnvoked by tiiie chamber manager subroutihe 440, as are aU diamber componoits; 
subroutines^ and receives from tiie chamber manager isubroutiiie process parameters Wlated 
to tiie desired gas flow rates. Typically, tiie process gas contrbl subroutine 460 operates by 
opening tiie gas supply Imes, and repeatedly (i) reading flie necessary mass flow 

20^ : (iO comparing the readings to tiie desired flow rates Feoeived from tiie chamber 

manager subroutine 440, and (iii) adjusting tiie flow rates of tiie gas siqiply fines as 
necessary. Fintheimore, tiie process gais c6ntix>l subroutine 460 includes steps for 
mbnitoring tiie gas flpw for unsafe rates, and activating tiie safety diut-<«ff valves 
an unsafe condition is detected. 

25 In some processes, an inert gas such as helnmi or argon is flowed into tiie i^ctor 

10 to stiibilize tiie pressure in the diambier before reactive process gases are intooduced 
into tiie chamber. For tiiese processes, tiie process gas control subroutine 460 is 
programmed to inchide steps for flowing tiie inert gas mto tiie chamber 10 for an amount 
oif time necessary to stabilize tfie pressure in tiie <:hainbCT. and tiien tiie steps desnibed 

30 above would be carried out. AdditionaUy. when a propess gas is to be vaporized ^ a 
liquid precursor, for example 13,S-trisilano-2,4,6-trimetfiylene (1,3,5-trisilanacyclo- 
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hexane)» the process gas control subroutme 460 would be written to include steps for 
bubbling a delivery gas sucb as hqlium. through the liquid precursor in a bubbler a^einbiy. 
For this type of process, the process gas control subroutine 460 regulates the flow of the 
delivery gas, the pressure in the bubbler, and the bubbler traiperature in ord» to obtain the 
desired process gas flow rates. As discussed above^ the desired process gas flow rates are 
transferred to the prpcess gas control subroutine 460 as process parameters. Furtfaennore, 
the process gas control subroutine 460 includes steps for obtaining the necessaty delivery 
gas flow rate^ bubbler pressure^ and bubbler temperature for die desired process gas flbw 
rate by accessing a stored table containing the neoessaiy values for a givm process gas 
flow rate. Once the necessary values are obtained, the delivery gas flow rate, bubbler 
pressure and bubbler temperature are monitored, compared to the necessary values and 
adjusted accordingly. 

The pressure control subroutine 470 comprises program code for controlling the 
pressure in the reactor 10 by regulating the size of the opening of the throttle valve in the 
exhaust pump 32. The size of the opening of the throttle valve is set to control the 
chamber pressure to the desired level iii relation to the total process gas flow^ size of the 
process chamber, and puniping set point pressure for the exhaust pump 32. When the 
pressure control subroutine 470 is invoked, the desired, or target pressure level is received 
as a parameter ftonn the chamber manager subroutine 440. The pressure control subroutine 
470 operates to iheasure the pressure in the reactor 10 by reading one or more 
conventional pressure manometers connected to the chamber, compare the measure 
yalue(s) to the ta^et pressure, obtain PID proportional, integral, and differential) values 
fiom ai stored pressure table corresponding to. the target pressure and adjust the iOirottle 
valve according to the PID values obtain^ fiom the pressure table. Alterrmtively, the 
pressure, control subroutine 470 can be written to open or close Ac throttle valve to a 
particular opening size to regulate the reactor 10 to the desired piess^ 

The heater control subroutine 480 comprises program code for controlling the 
tonperature of the beat modules or radiated heat that is used to heat the susceptor 12. The 
heater control subroutine 480 is also invoked by the chamber manager subroutine 440 md 
receives a target, or set point, tenq>erature pararneter. The heater control siibroiitine 480 
measures the tenq>erature by measuring voltage output of a themiocouple located in a 
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. suisceptor. 12, compares^ fbs measured taiq)erature to the set point teniperature/ kad 
increases or deoreases cinrent ^lied to the heat module to obtain the set point 
tonperatiire. The tempoature is obtained fipom the measured voltage by lopkii^ up the 
corresponding temperature in a stored conversion table, or by calculating the temperature 
5 using a fourth order polynomial. The heater control subroutine 480 gradually Controls a 
ramp up/down of current q>pUed to the heat modiil&Thbgj^dualhm^^^^ 
the life and reliability of the heat module. AdditiioiMlIy, a built-in-feil-safe mode can be 

' inchided to detect prociess safety compliance, and^ can shut down operation of tiie heat 

« module ifthe reactor 10 is not properly set up: 
10 : The plasma control subroutine 490 comprises program code for setting the RF bias 

voltage power level ^lied to the process electrodes in the reactor 10, and optionaUy, to 
set the level of the magnetic field generated in the reactor. Similar to ilie previously 
deiscribed chamber component subroutines, the plasma control subroutine 4?6 is iiiVoked 
by the chamber manager subroutine 440. 

: ^® above CVD system descriptioii is maiinly for illustrative purposes^ and other 

plasma CVD eqwpiaaA such as electrode c^lptron i^nance ^CR) pbsm 'bv^D 
devices^ induction-cpttpied RF high densi^ plasma CVD device, or the like may be 
employed. Additionially, variations of the above desCT^ 

susceptor design, heater design, location of RF powa- connections and others are possible. 
iO For example, the wafer could be supported and heated by a resistively heated susceptor. 
* The pretreatment and method for forming a pretreated layer of the present in^tipn is not 
>~ limited to any specific iq>paratus or to any spedfic jplasmaexcitation method. 

Depositioii of the Oxidized Organosfliuie or Organosflbxane Dielectric in a Threes 
25 Layer Gap FOIiiig Process . 

The oxiffizedorganosilane or organosildMme layer 
used in a three-layer gap filling process as shown in Fig. 5 using the PECVD chamber of 
Figure 2. Referring to Fig. 5, a wafer is positioned 200 in the reactor 10 and an oxidized 
organosilane layer hayiiig a low dielectric cdnstant is deposited 205 by a PEGVD process 
30 from a plasma comprising an organosilane compo>und aaid/oi- a organosiloxane compound. 
The deposition step 205 can include a c^acitively coupled plasma or both an iriductively 
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and a capa(»tiveiy coupled. plasma in the pn^^ess chamber IS accoiding to methods known 
in .the.ari' An ihc^ ^^sudi-as heliuin is commonly used in the PECVD dqwsition to 
assist in plasma gi^eration. A gap fill layer is then deposited 210 on the liner layer by 
known methods. The fill layer is prefoably self^planarizing, such as spin^n polymers 
or oxides deposited in liquid form by reaction of methyl silane and hydrogen pooxide. A 
cap layer is then dq>osited 215 on the gap fill layer, preferably using the same process for 
depositing die liniiig layer. The wafa is flioi removed 220 fix>m the reactor 10. 

Reforing to Figures 6A-4SE, the threerli^er gap filling process provides a PECVD 
lining l^rer 300 of the oxidized organosilane or oiganosiloxahe polymer. The lining layer 
300 acts, as an isolation layw between a subsequent gap fill layer 302 and the underlying 
substrate surface 304" and metal Imes 306, 308, 310 formed on the substrate surface. The 
g^ fiU layer 302 is capped by a PECVD capping layer 312 of the oxidized organosilane or 
o^anosiloxane polymer. This process is implemented and controlled using a con^uter 
program stored in the memory 38 of a computer controller 34 for a CVD reactor 10. 

Referring to Fig. 6A, the PECVD lining layer 300 is deposit^ in the reactor 10 by 
introducing an oxidizmg gas such ais NjO, an organosilane or orgaiipsiloxane compound 
such as CHjSiH, or (CH,)2SiH2, and a carrier such as helium. The substrate is. 
maintained at a temperature of fiom about -20*C to about 406*'C. and preferably is 
maintuned ^ a temperature of qiproximately -20X to 40*C throughout the deposition of 
the PECVD limng layer. The PECVD lining layer 300 is deposited with a process gas that 
include a mixture of the organosilane and/or organbsiloxane con^uhd at a flow rate of 
about 5 seem to about 500 seem and the oxidizing gas at a flow rate of about 5 seem to 
about 2000 scan; The process gases are carried by an inert gas such. He, Ar, Ne, or a 
relatively inert g^ such as nitrogen, which are typically not incoiporated into the fifah, at a 
flow rate.of fivMn about 0.2 to about 20' Ipm. The process gaises reaict at a pre^uie fiom 
about 0.2 to sd>out 20 Torr, preferably le^ than 10 Tiwr, to form a conformal silicon oxide 
layer on the substrate surfiice 304 and metal lines 306, 308, 310. The reaction is plasma 
enhanMd with a power density ranging fiom 0.05 W/cm* to 1000 W/cm*, preferably a 
power density less than about 1 W/cm*, most preferably a power density ranging fiom 
aboiit 0.1 to about 03 W/cmV 
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For an 8" single wafer chambw/ the high fiequency RF source of approximately 
13.56 MHz i$ preferably connected to a distribution sysfcii and driven at about 10 to 
about 500 W While a low fiequency RF source of about 350 lOIz to 1 MHz is optionally 
connected to a susceptor and driven at about 6 to about lOOW. In a prefeired embodiment, 
5 the high fiequency RF source is driven at about 20W to about 250 W of pulsed RF power, 
and the low fifequency RF source is driven at about 0 to about 50W of pulsed RF poww at 
a duty cycle fiom 10% to 30%. The puked RF power is preferably cycled in short 
intervals, inost preferably having a fiequeney less than about 200 Hz. When the high 
frequency RF power is cons&nt. the power level preferably ranges fiom about 20W to 
10 about lOOW. 

The ojudized organosiiane or oiganosiloxane layer is then cured at a p 
than about 10 Torr a temperature fioin about lOO'C to about 450 *»C. Optionally, curing 
could be conductied after deposition of additional dielectric layers. 

the above process conditions resuh in the deposition of a PECVD lining layer 300 

15 (at about 2000 A per minute) with improved barrier characteristics for the subsequent 
depoation of the gap filling layier 302 showii in Fig. 6B. The Iming layer obtained fiom 
methylsihme has sujBBdent C-H bonds to be hydrophobic, and is an exceUent moisture 
banier. Disposition of a hydrophobic lining layer has a suprising and unexpected result of 
conv^ting subsequent hydropldUc layisrs fo hydrophobic laym 

20 • The proceK gases for the g{q> filling layer 302 are preferably SiH^, CHjSiHj, or 

(CH3)jSiH, and 50wt% of hydrogen peroxide (HjOj) which is Vaporized and mixed with 
i . an inert carrier gas, such as helium. However, the gap filling layer can be any dielectric 
layer which has an acceptable diel«!ctric constant Alternative silicon containiiig 
compounds can be used if byproducts are yapois at dqioation conditidns. Pn^sxed 

25 altenwtive conqwunds nicoipbrate oxysilano or s^^ 

trimi^^lsilane. 



bis(methylsilano)mefliane, 
30 . . i,2-disilanoethane, 

2,2-disiIanopropane, . 
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l,3,5-trisiIanor2,4,6-trmetfaylen^ 
13rbis(alaiidiDiettr]^leQe)siloxane^ 
. . 1>is(lrmethyldisaoxtmyI)methane, 
2A6,8-jtetraneUiyI^cIotetrasiIoxahe,or 
1 ,2-disi]anotetrBfluon)ediane. 

The process gas flows range from 0-2000 seem for He, 10-200 seem for CHaSiH,, 
and 0. 1 to 3 gAnin. for H,0,. The prefenned gas flows range from 100-500 seem for 20- 
100 seem for CHsSiHj, and 0.1 to 1 g/min. for HA- These flow rates are given for a 
ehamber having a vohune of approximately 5.5 to 6.5 liters. Preferably, reactor 10 is 
maintained at a presfsure of about 0.2 to about 5 torr during deposition of the gap filling 
layer 302, The gq> filling layer 302 may be partially cured as shown in Fig. 6C to remove 
solvents such as waterprior to d^sitioii of a cap layer 312 as shown in Fig. 6D. Curing is 
done in the reactor 1 0 by pumping under an inert gas atmosphere under 1 0 Tprr. 

Gap filling layers produced from methylsilane are typically hydrophilic and have 
poor moisture barrier properties. When deposited on a lining layer produced from 
methylsilane, a gap filling layer produced firan methylsilane siiiiprisingly is hydrophobic 
and has good moisturg barrier p r op erties; 

Referring to Fig. €D, after deposition of die g^ filling la^ 302, the reactor 10 
optionally resumes deposition of the oxidized prg^nosilane or organosiloxane liqrer of the 
present invention for dqwsition of a cq)ping layer 312. Referring to Fig. 6E, after 
deposition of the capping layer, if any, the deposited layers are cured in a ftimace or 
another chamber at a temperature 6om about 1 00*C to about 450EG to drive off ranamiiig 
solvent or water. Of course, processing conditimis will vary according to the desiied 
diaracteristics of the dqpcisited films. 

PCDOSMon of a Dual Dmhiisaeiia .<8«mrt«r^ 

A dual damascene stracture which inchides an oxidized organosilaiie or 
otganosiloxahe layers as an etch stop or as an intennetal dielectric layer is shown in Figure 
7. When the oxidized organosilane or organosiioxane iis used as an etdi stop, a fiist 
dielectric layer 510 is deposited on a substrate 512 and then the oxidized organdsilane or 
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<^osiIpxaiie eteh stop 514 is dqiosited on the fest diel^c layer and cined. TKe etc|» 
stop is then pattOT etched to defce the qpen^ A second 

dielectric layer 518 is then dqwdted 6 

by conventional methods to define the interconnect lines 520. A sii^e etch pnxiess is 
5 to peifonried to define Ae intercoimectis dov^ the etch stop and to etch the 
unfttotected dielectric exposed by the pattemed^e^^ 

Refenring agam to Fig. 7i the damascene stnictare ahemativefy includes fhp 
oxidized oigano^lane or oi^ansiloxane as an inteimetal dielectric. A firet dielectric layer 
510, preferably consisting of the oxidized oiganosilane or oiBanpsiloxane, is deposited on 

10 a substrate 512 and then a Conventional siUcon oxide, silicon nitride, or hydrogenated 
siUcpn caibide etch st«>p 514 is deposited on the first dielectric layer. The etch stop is then 
jiattoned to define the openmgs of thie contactsAdas 516. A second dielectric layer 518, 
consisting of the oxidized organosilane or organosiloxane. is then deposited over the 
patterned etch stop and then patterned to define the interconnect lines 520. A single etch 

15 process is then performed to define the interconnects down to the etch stop and to etch the 
uniwotected dielectric expdsed by the pattoned etch stop to define the contatetsArias. 

A prefenred dual damascene structure fiibricated in accordance with the invention 
includes! a linmg fayer as dibwn in Fig. 8H. and the meUiod^ 

sequebtially dq>icted schematically m Figures 8A-8H, which are cross sectional views of a 
20 substrate having the steps ofthe invention formed thereon. 

As shown in Fig. 8^ an initial first dielectric layer 510, such as paiykne, F$^ 
siKcon oxide, or the like, is deposited onthe substrate 512 to a thickness of about 5,000 to 
about 10,000 D,dq»ending on the size of AestructiTO to be^ As shownin iPig. 

8B, the low k etch stop 514, which is die oxidized ois^siiane or oiganosiloxane layer, is 
25 then deposited on the first dielectric layer to a thickniKs of about 200 to about 1000 D 
usittg low levels of RF power. Tlie tow k etch stop 514 is then pattern etched to defiiie the 
cbntactMa openings 51$ and fo expose first dielectric layer 510 in the areas where the 
contact^as are to be formed as shown in Fig. 8C. Prefei^iy, low k etch stop 514 is 
pattern etched using convientional photolithography and etch processes using fluwine. 
caibon. and oxygen ionis. After low k etch stop 514 has been etched to pattern tiie 
cpntactsArias and the photo resist has been removed, a second dielectric layer 518 is 
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deposited over etch stop S14 to a thickness of about 5,000 to about lO^OOO D as shown in 
Figw 8D. A second dielectric layo* 518 iis then patterned to defixie interconnect lin« 520, 
. preferably using.conyentional photolithognq>hy processes with a photo resist layer 522 as 
shown in Fig. 8E.: The mterconnects and contactsAdas are then etched using reactive ion 
5 etching or other anisotropic etching techniques to define the metallization structure (i e., 
the interconnect and contactAda) as shown in Figure 8F. Any photo resist or other 
material used to pattern the etch stop 514 or the second dielectric layer 518 is removed 
using an OTQTgen strip or other suitable process. 

The metallization stracture is then formed with a condi^ctive material such as 
10 aluminum, copper^ timgst^.or combinations thereof Presently, the trend is to use copper 
to form the smaller features due to the low resistivity of copper (1 J mW-cm compared to 
3.1 inW-cm for alu mmutn) . Preferably, as shown in Fig. 8G, a suitable barrio layer 524 
such as tantalum nitride is first deposited conformally in the metallization pattern to 
prevent copper migration into the isurrounding silicon and/or dielectric material. 
15 Thereafter, copper 526 is deposited using either chemical vapor deposition, physical vapor 
deposition, electroplatings or coinbinations thereof to form the conductive structure. Once 
the structure has been filled with copper oir other .metal, the surface is i>lahiarized using 
. . chemical mecfaarucal polishiiig, as ^own in Fig* 8H 

20 Deposition of Adhesive leavers 

A dual damascene structure which includes an oxidized organosilane or 
organosiloxane layer as an adhesive layer between a premetal dielectric laya and an 
intennetal dielectric layer is shown in Fig. 9. The oxidized organosilane or oiganosiloxane 
adhesive layer 612 is deposited on a pronetal dielectric layer 610 sudi as a pDnv<mtibnal 

25 P2SG or BPSG layer and then cured. An intemie^il^A^^ 

dielectric pblymer layer, is th« dq;x>sited over the adhesive layer 612. A conventional 
silicon oxide or silicon nitride etch stop 616 is then pattemed by conventional methods to 
define vias 620* A second intemietal dielectric, layar 622, preferably the low k dielectric 
polymer, is then deposited over the patterned etch stop and then pattmed to define the 

30 intoconnect lines.. A: single etch process is then peffonned to define the interconnects 
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down to the etch st^ and to etch the uiqnoteeied dielectric exposed by the patteined etoh 
stop to define the contacts/vias prior to m 

A preferred dual damascene structure comprisihg an adhesive layer in acconiance 
with the invention is shown in Fig. lOH, and the method of making the sfructiro is 
sequentially depicted schematicaUy in Figures lOA-lOH. which aie ^ss sectibnal views 
of a substi^e having the stq>s of die inviention fonned thereon. 

As shpwii in Fig. lOA. an hiitia] first intermetal dielectric layer 710, such as 
paiylene, FSG, silicon oxide, or the like, is deposited on a substrate 712 to a thickness of 
about 5,000 to about 10.000 A, depending on the size of the sthichne to be fabricated. As 
shown in Fig. lOB* a low k adhesive layiei- 714, which is the oxidized oigano silane layer, 
is then deposited on the first intermetal dielectric layer 710 to a thickness of about SO to 
about 200 A; A conventional silicon oxide or siKcon iiitride etch stop 716 is the deposited 
on the adhesive layer 714 to a thickness of about 50 to about 200 A. A second low k 
adhesive layer 71 8. which is the oxidized organo silane layer, is then deposited on the etch 
stop 716 to a thickness of about 50 to about 200 A. The etch stop 716 and adhesive layers 
714, 718 are then pattern etched to define the contact/via openings 720 first 
intermetal dielectric layer 710 in the areas where the contactsMas are to be f<imed as 
shown in Fig. IOC. Pw|ferablyi the etch stop 716 is pattern etched using conventional 
photolithogr^hy and etch processes using fluorine, carijon, and oxygen ions. After the 
etch stop 716 and adhesive layers 714, 718 have been etched to pattern the conteotsAdas 
and the photo resist has been removed, a second intometal dielectric layer 722 is 
deposited over second adhesive layer 718 to a thickness of about 5,000 to aboiit ]p;00p A 
as shown in Fig. lOD. The second inteimetal dielectric hiyer 722 is then patteined to 
define interconnect lines 724, preferably using conventional phofolithpgrtqihy processes 
with a photo resist hiyer 726 as shown in Fifr 1^ The interconnects arid ^contacts/vias 
are then etch^ using reactive ion etching or other anisotropic etching techniques to define 
the metallization structure (i.c., the interconnect and contactAda) as shown in Fig. lOF. 
Any photo resist or other material used to pattern the etch stop 716 or the second 
intermetal dielectric layer 722 is removed using an o^qrgen sti^ or other suitable process. 

The metallization structure is then formed with a conductive material such as 
aluminum, coj^er, hmgsten or combinations thereof. Presently, the trend is to use copper 
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to foim the smallor features due to the low resistivity of copper (h7 mW-an compared to 
34 mW-cm for aluminum). Preferably, as shown in Fig. lOG, a suitable barrier layer 728 
siich as tantalum nitride is first deposited cbnformally in the metallization pattern to 
prevent copper migration into the surrounding silicon and/or dielectric material* 
5 Thereafter, copper is deposited using either chemical vq>or deposition, physical vs^r 
dq>osition, electroplating, or combinations thereof to forai the conducftive structure. Once 
the structure has been filled with copper or other metal, the surface is planarized using 
chemical mechanical polishing, as shown in Fig. lOH. 

10 Dnal Damasicene Ihtegratloii 

Another preferred dual damascene structure comprises silicon oxide layers having 

different dielectric constants to resist crosstalk between layers, and is deposited as shown 

in Figis. IIA-IID, which are cross sectional views of a substrate having the steps of the 

invention formed thereon. 
15 As shown in Fig. HA, a via level dielectric layer 810, having a carbon content 

greater than 20% by atomic weight, is deposited on a substrate 812 to a thickiiess of about 

5^000 to d>bm 10,000 A dqiending on flie size of the struct^ 

level dielectric layer is preferably dqx>sited by reacting N^O and trimethylsilane at an RF 
power level of 500 W with a duty cycle of 10%. As shown in Fig. IIA, the via level 

20 dielectric level is then pattern etched to form the vias and contact holesf 814 with 
conventional phptohthography and etch processes for high carbon materials using fluorine, 
carbon, and oxygcsn ionis. 

As shown in Fig. 1 IB, trmch level dielectric layer 822 haymg a carboii content 
less tfaari 10% by atornic weiglit, is deposited over the via level dielectrio layer 810 to a 

25 thickness of OboxA 5,000 to about 10,000 X The trench level dielectric layer is preferably 
deposited by reacting NjO and methylsilane at an RF power level of 500W with a duty 
cycle of 30%. The trench level dielectric layer 822 is then pattern etched to define 
interconnect lines 824 as shown m Fig. IIB, using conventional photolithogr2q>hy 
processes and etch processes that are efifective for low carbon materials and not efifective 

30 for high carbon materials. Any photo resist or other matoiid used to pattern the dielectric 
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Iayera>TOnoyed udiig chemical mepKmiMd jklKsh^ or other suitable 

. process. • 

The metallization strabture is thei formed with a conductive liiaterial such as 
aluininum. copper, tungsten or combinations thereof. Presently, the trend is to use copper 
5 to form the smaller features due to the low resistivity of copper (1.7 mWrcm compared to 
3.1 mW-cm for aluminum). Preferably, as shown in Fig. 1 IC, a suitabfe bairier layer 828 
such as tantalum nitride is first deposited confonnally in the metallizatipn pattern to 
prevent copper; migration into the surrouiidmg silicon and/or (fielectric material. 
Thereafter, coppw 830 is deposited as shown in Fig. IID using either chemical vapor 
10 deposition, physical vapor dq)osition, electroplating, or combinations thereof to form the 
conductive structure. Once the structure has be«n filled with copper or other metal, the 
suifece is planarized using chemical nfiechanical polishing or other planariiing methods. 
The invention is further described by the following example^^ 

15 Example 

the fplloydng example and demonstrates deposition of an oxidized digahbsilane or 
oiganosiloxane fifan haviiig excellent barrier and adhesion propertifs. This example was 
undertaken usin^ a chonical \apot deposition chamber, and in particular, a "C^mJRA 
DxZ" system wjiich mchides a solid-state, RF matching unit with a tworpiece quartz 
20 process lot, bbth &bricated and sold by AppUed Materials. Inc., Santa Clara. California. 

Non^Pulsed RF Pow^r 

All oxidized dimethylsilane film was deposited at a chamber pressure of 3.0 Torr 
and ttoiperature of 15EC firom reactive- gases which were flowed mto the reactor as 
25*. follows: 



Dimethylsilane, (CH,)jSiHj, at 55 seem 
Mtrous oxide, NjO. at 300 seem 

30 Helium,He.at 4000sccm. 
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The substrate was positioned: 600 mil .fifom tfie gas distribution shbweriiead and 20 W of 
high fiequacy power (13: MHz) was applied to the showeifaead. for plasma enhanced 
deposition of an ondiz^d dimetfaylsilane layor. Thei oxidized dimethylsilane material had a 
dielectric constant of d>o^ 2.5 and was hydrophobic. 

•5 ; •\. • • **■ 

Hypothctfgal Examples 

The following hypothetical dcamples describe deposition of an oxidized 
oi^anosilane or organosiloxane fifah of the present invention. These exaibples are written 
for the chemical v£q)or deposition chamba described in the prior exisimple^ 

10 

Pulsed RF Power 

An oxidized l»3»S*trisil£aio-2A6*trimethylene (cyclic) film is deposited at a 
chamber pressure of 3.0 Toir and temperature of 1 5EC fifom reactive gases which flow 
into the reactor as follows: 

15 

li3,5-trisilano-2A6rtrimeA^^ (cyclic), at 20 scon 

Nitrpus oxide, NjO, at 300 seem 

Helimn,He,at 4000 scon. 

20 The substrate is positioned 600 mil finom the gas distribution showeriiead and 50 W of 
pulsed high firequency power (13 MHz) is applied to the showerfaead for plasma enhanced 
dq>osition of an oxidized l,3,5-trisilano-2,4,6-trimethylenelayCT^^ 

Pulsed RF Power 

25 Aii oxidized 1 ,3-diinelhyldisil6xane film is deposited at a chaitnber pressure of 3.0 

Torr and temperature of 1 SEC finom reactive gases which are flowed into the reactor as 
follows: 

13-Dimethyldisiloxane,eH3-SiH2-C>-SiH2-CT^ 30 seem 
30 Nitrous oxide, N2O, at 300 seem 

Helium, He, at 4000 seem. 
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TTie substrate is positioi^^ inil fiiom the ^as distribution showcabead and 50W of 
pulsed bigh fiequency RF power (13 MHz) is ^lied to the sbowerhead for plasma 
enbanced deposition of an oxidized dimethyldisiloxane layer. 

MicrowaiveARF Power 

An oxidized l»3;^ethyldisUoxane fifan is deposited at a cbamber piessuie of 3.0 
Toff and temperature of 15EC fiom reactive gases wbicb are flowed into itbe reactor as 
follows:. 

U-Dimetbyldisiloxane/CHjrSiHj-O-SiHi-CHavat 30 scan 
Nitrous oxide, N A at 300 seem 

Helium, He; at 4000 seem. 

15 Prior to entering the chamb^,; the nitrous oxide is dissociated in a miCTowave applicator 
^ provides 2000W of microwave eneigy. The substrate is positioned 600 mil fiom the - 
gas distribution showeihead and 50W of high fiSequcnj^^ 

the sboweriiead in cycles for plasma erdumced deposition of an oxicfized 
dimethyldisiloxane layio-. Ea(^ cyck provides R^^ 
20 While the foregoing is directed to preferred embodiments of the present invention, 

other and further embodiments of the invaition may be devised without departing fiom the 
basic scope thereof, and the scope thereof is detennined by the claims which follow. 
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11. A process for depositing a low dielectric constant film, comprising reacting one or 

2 more silicon compounds that contain cariK>n with an oxidizing gas at a constant RF power 

3 level fix)m about lOW to about 200W, or a pulsed RF power level fit>m about 20W to 

4 about 500W. 

1 2. The process of claim 1, wherein each silicon atom in each silicon compound is 

2 bonded to one or two caibori atoms and to at least one hydrogen atom, and wherdn two or 

3 more silicon atoms in the same molecule are separated by no more than two carbon atoms 

4 or by no more than one oxygen atom. 

1 3. The process of claim 1, wherein the silicon compounds are selected from a group 

2 consisting of methylsilane, dimethylsilane, trimethylsilane, disilanomethane, bis(methyl- 

3 silano)methane, l^'^isilanoethane, l,;2-bis(methylsilano)ethane, 2;2-disilanopropane, 

4 13»5vtrisilano*2A6-triinetfaylene, 13-<liinethyldisiloxahe, 1,133-tetrametfayldisilbxane, 

5 i»3-bis(silanomeaiylene)di-silpxane, 2,2-bis(l-methyl- 

6 disiloxanyl)prbpane, 2A6,8,10-pCTtamethylcyclopentasiloxahe, l,3,5,7-tetni-silano-2,6^ 

7 dioxy-4,8-dimethylene, 2A6-trisilanetetrahydropyran, 2,SHlisiIanetetrahydrofuran, 

8 fluorinated caibon derivatives thereof, and combinations therm 

1 4. The process of claim 1, wherein the oxidizing gas is dissociated prior to mixing 

2 witti the silicon compounds. 

1 5. A process for depositing a low dielectric constant film, conqprising: 

2 dqx>siting a confomial lining layer on a patterned metal layer fix>m process gases 

3 comprising one or more silicon compounds and an oxidizing gas at a ccmsfant RF power 

4 level from about lOW to about 200W or a pulsed RF power level from about 20W to about 

5 SOOW, wherein the silicon conipQunds conqmse duten; and 

6 depositing a gap filling layer on the lining layer. 
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1 6. The piocess of daim 5, wherein each silicon- atom in each silicon coinpound is 

2 bonded to one or t^b caibon atoms and to at least one hydrogen atom, and whereifl silicon 

3 atoms in the same molecule ate not separated by miore than two caibcm atoms or by more 

4 than one oxygen iatom. 

1 7. The proems of claim 5, wherein the silicon compounds are selected fiom a gioiip 

2 consisting of met^lsilane, dimethylsilane, trimethylsiliane, disilanomethane, bis(niethyl> 

3 silano)methane^ 1,2-disUanoethane, U-bis(methylsflano)ethane, 2,2-disilantopropane, 

4 U,5-trisilano;.2.4,6-trimethylene, 1,3-dimethyldisiioxane, l.U,3-tetramethyldisiloxane, 

5 l,3-bis(silaiiometfaylaie)di-siloxane, bis(l-methyldisiloxanyl)methane, 2;2-bis(l-methyI- 

6 disiloxanyI)propane, 2.4,6,8,1 0-pentamethylcyclopentasiloxane, l,3,5,7-tetrasilano-2,6- 

7 dioxy-4,8-dimethylcne, 2,4,6-trisilanetetrahydropyran, 2,5-disilanetetrahydrofiiran, 

8 fluorinated carbon derivatives thereof, and combinations thereof. 



1 8. The process of claim 5, wherein the oxidizing gds is dissociated pHor to mixing 

2 with the silicon compounds. . 

19.. l^e process of claim 5, wherein the g£q> filiiiig layer is dqjosited by reaction of a 
2 alano-containing compound and hydrog^ peroxide. 

1 10. The process of claim 5, further compriang the step of depositiiig a cq>ping layet 

2 oh the gap filling layer from process gases comprising the sUicoh cbn^wuAds and the 

3 oxidizing gaSi . 

1 .. 11. A substrate pfTpcessihg system, poooinisiiig; 

2 a vessel cpmpnsing a reaction zone, a substrate holder for positioning a substrate in 
3. the reaction zon^ and. a vacuum system; 

4 * gas <Bstributipn system connecting the reaction zone of the ye^ tbsup^ 

5 one or more oiganpalicon compounds and an oxidizing gas; 
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6 an RF generator coiq>led to the gas distribution system for generating a plasma in 

7 the reaction zone; 

8 a cbntipll^ cbmimsing a coniputCT 

9 systeni^andtfieRFgraeratonaind 

10 a memory coupled to the controller, the memory cbm|msing a computer usable 

1 1 medium comprising a computer readable jnogram code for selecting a procfess comprising 

12 reacting the one or more organosilicon compounds and the oxidizing gas at a constant RF 

13 power level from about 10 to about 200W or a pulsed RF power level from about 20 to 

14 about 500W. 

1 12. The substrate processing system bf claim 1 1, further comprising computer readable 

2 program code for depositing a dual damascene structure. 

1 13. A substrate processing system, comprising:. 

2 a vessel comprising a reaction zone, a substrate holder for positioning a substrate in 

3 the reaction zone, and a vacuum system; . . 

4 a gas distribution system connecting the reaction zone of the vessel to supplies of 

5 one or more organosilicon conq>bunds and an oxidizing gas; 

6 a micrpwaye chamber connecting the reaction zone to a source bf the biganosilicon 

7 compound; 

8 an RF generator capacitively coupled to the gas distribution system for generatmg 

9 a plasma in the reaction zone; 

10 a controller comprising a computer fi>r controlling the vesseVthe gas distribution 

11 system, and the RF generator; and 

^2 a memoiy coupled to the controller, the memory comprisiiig a compute usable 

13 medium comprising a computer readable program code for selecting a process comprising 

14 dqx>sit]ng a dielectric layer coiitaming caibon from process gases comprising flie 

15 organosilicon compound and the oxidizing gas at a constant RF poww level from about 

16 low to about 200W or a pulsed RF power level 
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1 14. The system of claim 13; further oi^nqirising compuW nadOal&ptdffiai cbde for 

2 depositing a ^ filling kiyer on the dielectric layer, and a capping layer oh the gap filling 
3,- layer fixmiinrpeess^sesconqmsing the oii^ 

1 15. A method offonnihg a dual damascene structure, compris^ 

2 depositing a via level dielectric fihn having a catboa content greater than about 

3 20% by atomic wei^t on a substrate by reacting one or more orjganosilicon CQiiqiounds 
.4 witfi an oxidizing gasi 

5 pattorn etching the via level dielectric film to forin a Wa; 

6 depositing a trench level dielectric fihn having a carbon content less than about 

7 10% by atomic weight on the via level dielectric fihn; and 

8 P«"e™ etehing the trmch Wei dielectric fihn to form a horizohta^^ 

1 16. The method of claim 1 5, wherein the oxidizing gas is dissociated prior to mixing 

2 with the organdsilicon compounds. ~ 

1 17.. A dual damascene structure, conqnising: 

2 *fiJ^:*electriclayCTconiprising one or more vertical intejconie^ 

3 a second dielectric latyer contacting the first dielectric layer and defihmg one or 

4 moire horizontal inteivotnnects. 

1 18. The structure of ckiim 17, wherein the first and the isecond dielectric lay^ have 

2 diffosnt dielibctric constants. r .■ 

1 19. The ^cture of claim 18* wfajerein the first dielectric layer omiprises an oxidized 

2 organosilicon compound having a cairtxm content greater than about 20% by atomie 

3 wdght 

1 20. The structure of claim 19. whereiii the second dielectric liyer -comprises an 

2 oxidized oi^E;anosilicon compound havii^ a caibon content less tiiah sbout 10% by atomic 

3 weight. 
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A method and appara- 
tus for depositing a low dr* 
eteciric constant film by reac- 
tion of an organosUicon com- 
pound and an mrirftyitig gas at 
a constant RF power leveilirom 
about low to about 200W or 
a puisbdlU' power level ten 
out 20W to about 50qfW. 
IKssbcJation of the oxidi^ng 
^ can be increased prior to 
mixing widi the oi^osilicoin 
compmiiid. piefembly widiin a 
sepiarate microwave chamber, 
to assist in controlling the car- 
bon content of die dqx»ited 
fibn. The oxidized organosl^ 
lane <»r organosOoxane fibn has 
good barrier properties for use 
as a liner kx cap layer ad- 
jacent other dielectric layers. 
The oxidized cnganosilane or 
organosOoxane fibn may also 
be used as an etch stop and 
an intermetal dielectric layer 
for fabricating dual damascene ■ 

Aprefened 

pioduced by reaction of mediylsflane, CHjSiHj. dimethylsilane, (CH3)2SiH2. or 1 ,1 .3,3-ietnimethy Wisiloxane, 
jCH3^:iiH-w>iH-<OT^ and nitrous oxide. N2O, at a constant RF power level from about lOW to about 150W. or a pulsed RF power 
level from about 20W to about 250W duriiig 10 % to 30 % of the duty cycle. ^ . or a puisco i^r power 
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nJimiER INFORMATION COimmEO FROM >CT/I&A/ 210 

1. Claims: 1-14 

Deposition of a low dielectric constant film 

The prior art (EP522799) describes the deposition of a 
dielectric film using TEOS and oxygen as process gases and a 
RF power of 108 - 299 W. 

The new features in clains 2-14 are the silicon containing 
gases. 

The special technical features as defined inrule 13(2) PCT^ 
are the silicon containing gases. 

The objective problem is to inprove the PECVp process. 



2, Glaims: 15-29 

Method of forming a dual damascene structure 

The prior art (EP522799) describes the deposition of a 
dielectric film using TEOS and oxygen as process gases and a 
RF power of 100 - 200 W. 

The new features of claims 15-29 are the liianuf actor ing of a 
dual damascene structure. 

The special technical features as defined inrule 13(2) PCT, 
are the manufactoring of a dual damascene structure. 

The objective problem is to provide a dual damscene 
structure. 
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